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VROXELOLW\WKHWKHUPDOMRLQLQJZLOOFDXVHEULWWOHMRLQWVZLWKKLJKHUUHVLVWDQFH,QDGGLWLRQWKHGLIIHUHQWPHOWLQJSRLQW
DQGWKHUPDOH[SDQVLRQPXVWEHFRQVLGHUHGDVZHOODVWKHHOHFWURFKHPLFDOFRUURVLRQ.DQQDWH\$VLEX
,QRUGHUWRPDLQWDLQWKHGHVLUDEOHSURSHUWLHVGXFWLOLW\DQGWRXJKQHVVRIWKHPHWDOOLFEDVHPDWHULDOWKHIRUPDWLRQRI
,0&VKRXOGEHDYRLGHG'XHWRWKHIDFWWKDWDPDWHULDOFRQQHFWLRQRIGLVVLPLODUPHWDOVGHPDQGV,0&WKH\FDQQRWEH
HOLPLQDWHG EXW LW ZDV VKRZQ WKDW WKHPLQLPL]LQJ RI WKH ,0& WKLFNQHVV UHVXOWV LQ KLJK TXDOLW\ MRLQWV VKRZQ E\
%RUULVXWWKHNXOHWDO$EEDVLHWDODQG6ROFKHQEDFKHWDO
7DEOH3URSHUWLHVRILQWHUPHWDOOLFSKDVHVLQWKH$OXPLQXP&RSSHUV\VWHP
3KDVH 1RPLQDO
FRPSRVLWLRQ
DW$O
0XUUD\
(OHFWULFDOUHVLVWLYLW\ʌDW
&>ɏFP@5D\QHHW
DO
+DUGQHVV+9
J
6ROFKHQEDFK
HWDO
+DUGQHVV
%UDXQRYLF

+DUGQHVV+9
&KHQHWDO

&X      
ɶ $O&X     
ɺ $O&X     
ɻ $O&X     
Ⱥ $O&X     
$O      

7KHPLQLPL]LQJRI WKH LQWHUPHWDOOLF OD\HU FDQEH SHUIRUPHG E\PLQLPL]LQJ WKH LQWHUPL[WXUH RI WKHPHWDOV DQG
UHGXFLQJ WKHSURFHVV WLPH WR DYRLGGLIIXVLRQ5HJDUGLQJ WKH VROLGVWDWH IXVLRQSURFHVVHV +JHO HW DO  WKH
ODVHUZHOGLQJSUHVHQWVWKHDGYDQWDJHVRIFRQWDFWOHVVSRZHUGHOLYHU\DQGIDVWSURFHVVWLPHVEDVHGRQWKHORZLQHUWLD
SRVLWLRQLQJV\VWHP&RSSHUDQG$OXPLQXPFDQEHMRLQHGE\XVLQJILOOHUPDWHULDO:HLJOHWDORUUROOFODGGHG
LQVHUWV :HLJO HW DO :H ZLOO IRFXV RQ WKH EUD]HZHOGLQJ SULQFLSOH 6ROFKHQEDFK  ZKLFK ZLOO EH
H[SODLQHGLQWKHQH[WFKDSWHU
,Q RUGHU WR HYDOXDWH WKH TXDOLW\ RI D ZHOGHG MRLQW WKH FODVVLFDO SXOO WHVW FDQ EH SHUIRUPHG 0RUH GHGLFDWHG
PHWKRGV WR DQDO\]H WKH IRUPDWWHG ,0& DUH GHVFULEHG E\ 0DL HW DO  ZKR XVHG FURVV VHFWLRQV DQG [UD\
SKRWRJUDSKVWRLQYHVWLJDWHWKHPL[LQJEHKDYLRUWKHPLFURVWUXFWXUHDQGWKHSUHVHQFHRIGHIHFWVVXFKDVFUDFNV%DVHG
RQ WKH HOHFWULF UHVLVWLYLW\ RI WKH ,0& D UHVLVWDQFH PHDVXUHPHQW FDQ UHYHDO WKH MRLQW TXDOLW\ DV VKRZQ E\
6ROFKHQEDFKHWDO7KHDXWKRUVKRZHGWKDWDORZUHVLVWDQFHRIWKHZHOGLVHTXLYDOHQWWRJRRGPHFKDQLFDO
SURSHUWLHV6(0DQG(';ZDVXVHGE\;XHHWDOWRFKDUDFWHUL]HWKHPHOWSRRODQGWREXLOGXSDVLPXODWLRQ
PRGHOIRUDWWULEXWHVSUHGLFWLRQ:HLJOHWDOXVHGDKDUGQHVVPHDVXUHPHQWPHWKRGWRUDWHWKHVHQVLWLYLW\RI
WKHZHOGWRZDUGVFUDFNVDQGWRHYDOXDWHWKHGXFWLOLW\RIWKHMRLQW7KH\GHFODUHGWKHMRLQWZLWKORZHVWKDUGQHVVDVWKH
PRVWGXFWLOHZKLFKZDVDOVRFRQILUPHGE\IUDFWXUHVXUIDFHDQDO\VLVDQGEHQGLQJWHVWV
,QWKLVSDSHUPHWKRGVWRHYDOXDWHWKHTXDOLW\RIDODVHUZHOGHGGLVVLPLODU$O&XMRLQWZLOOEHGHVFULEHG&XUUHQW
PHWKRGVZLOOEHHQKDQFHGDQGDGDSWHGIRUWKHEUD]HZHOGLQJSURFHVV7KHJRDOLVWRXVHWKHHYDOXDWLRQPHWKRGVWR
UDWHWKHRYHUDOOTXDOLW\RIGLVVLPLODU$O&XMRLQWV7KHPHWKRGVZLOOEHGHVFULEHGLQFKDSWHUDVWKH\ZHUHXVHGLQ
FKDSWHUWRSHUIRUPWKHH[SHULPHQWV
([SHULPHQWDOVHWXSPHWKRGV
2.1. Braze-welding 
7KHEUD]HZHOGLQJSULQFLSOHLVDPRGLILHGODVHUZHOGLQJSURFHVVEDVHGRQWKHNH\KROHZHOGLQJSULQFLSOHZKLFKLV
GHVFULEHG E\ 'RZGHQ  7KH IRUPDWLRQ RI EULWWOH ,0& LVPLQLPL]HG E\ UHGXFLQJ WKH LQWHUPL[WXUH RI ERWK
PHWDOV7KHDOXPLQXPVKHHW LVSRVLWLRQHG LQRYHUODSFRQILJXUDWLRQRQ WRSRI WKHFRSSHU VKHHW VHH)LJ D7KH
DOXPLQXP LV OLTXHILHGE\ WKH LQWURGXFHG ODVHU HQHUJ\ZKLOH WKHFRSSHU UHPDLQV LQ VROLG VWDWH7KXV DPLQLPL]HG
IXVLRQ]RQHEHWZHHQERWKPDWHULDOVLVIRUPHGDQGWKHIRUPDWLRQRI,0&LVOLPLWHG7KHZLGWKRIWKHIXVLRQ]RQHLV
GHILQHGE\D VSDWLDORVFLOODWLRQDQGSRZHU LQSXWE\SRZHUPRGXODWLRQ VHH)LJ E 6ROFKHQEDFK HW DO
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VKRZHGWKDWWKH,0&WKLFNQHVVFDQEHOLPLWHGWRPWKXVDFKLHYLQJKLJKMRLQWVWUHQJWKDQGUHGXFHGHOHFWULFDO
UHVLVWDQFH

)LJD/DVHUEUD]HZHOGLQJSULQFLSOHEODVHUSRZHUPRGXODWLRQ
'XULQJWKHLQYHVWLJDWLRQVPPWKLFN$O$OZDVZHOGHGWRPP&X6)(&X$ILEHUODVHU
7UX)LEUHZLWKQPZDYHOHQJWKZLWKIRFDOGLDPHWHURIPZDVXVHGDVHQHUJ\VRXUFHDQGD+XUU\6FDQ
2SWLF IRU EHDPSRVLWLRQLQJ 7KH VDPSOHV RI [PPZHUHZHOGHG LQ RYHUODS FRQILJXUDWLRQZLWK PP MRLQW
OHQJWK7KHVSDWLDORVFLOODWLRQZDVVHWWRDFKLHYHDZHOGVHDPZLGWKRIPPZLWKDQRVFLOODWLRQIUHTXHQF\RI
+]DQGWKHODVHUEHDPZDVSXOVHZLGWKPRGXODWHGZLWKN+]DQGYDU\LQJSXOVHWLPHVIURPWRVLQV
VWHSV7KHIHHGUDWHLQ[GLUHFWLRQZDVPPVDQGWKHPD[LPXPODVHUSRZHURI:ZDVXVHG
2.2. Mechanical tests 
$ODSVKHDUSXOO WHVWZDVXVHGWRGHWHUPLQHWKHPHFKDQLFDOSURSHUWLHVRIWKHMRLQW7KHPD[LPXPSXOOLQJIRUFH
DQGWRXJKQHVVZHUHXVHGWRGHVFULEHWKHPHFKDQLFDOSHUIRUPDQFH7KHSXOOWHVWVZHUHSHUIRUPHGZLWKVDPSOHVIRU
HDFKSDUDPHWHU VHW7KH WRXJKQHVVZDV FDOFXODWHGE\ LQWHJUDWLQJ WKHPD[LPXPSXOOLQJ IRUFH DV D IXQFWLRQRI WKH
HORQJDWLRQ /DVHUEUD]H ZHOGHG MRLQWV DFKLHYH PHFKDQLFDO SXOO IRUFHV XS WR   RI WKH ZHDNHU EDVH PDWHULDO
0HGLDQSXOOLQJIRUFHPP$OZLWKVDPSOHJHRPHWU\DV)LJERI1FDXVLQJKLJKGHIRUPDWLRQRIWKHEDVH
PDWHULDOZKHUHE\FUDFNVDW WKH VWDUWDQGHQGSRLQWRI WKHZHOGVHDPZKHUH IRUPHG VHH ILJXUHD7KHVWDUWDQG
HQGSRLQWRI WKHZHOGVHDPZHUHSXQFKHGRII UHGXFLQJ WKH VWDQGDUGGHYLDWLRQ IRU WKHPD[LPXPSXOOLQJ IRUFH IRU
ZHOGHGMRLQWVIURPWR7KHVWDQGDUGGHYLDWLRQIRUWRXJKQHVVZDVUHGXFHGIURPWRVHH)LJF
7KHDYHUDJHWRXJKQHVVGHFUHDVHGZLWKWKHLPSURYHGJHRPHWU\VLQFHWKHGHIRUPDWLRQRIWKHEDVHPDWHULDOFDVHD
DEVRUEHGHQHUJ\WRR

)LJDFUDFNVWDUWLQJIURPWKHZHOGVHDPHQGVELPSURYHGVDPSOHJHRPHWU\DFKLHYHGE\SXQFKLQJFHQKDQFHGDFFXUDF\RISXOOWHVWRI
ZHOGHGVDPSOHV
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2.3. Metallographic analysis 
7KHPLFURVWUXFWXUHRIWKHZHOGVHDPLVDQDO\]HGE\PHWDOORJUDSKLFFURVVVHFWLRQV7RSUHSDUHWKHFURVVVHFWLRQV
WKHZHOGVHDPZDVFXWDQGHPEHGGHGLQSODVWLFJULQGHGZLWK6L&SDSHUDQGSROLVKHGGRZQWRPGLDPRQG
VXVSHQVLRQ7KHVDPSOHVZHUHHWFKHGDFFRUGLQJWR',19ZLWKWKH.HOOHUUHDJHQW)LJDVKRZVD
W\SLFDO FURVV VHFWLRQ RI D ODVHU EUD]HZHOGHG $O&X MRLQW 7KH ZHOG VHDP DSSHDUV GDUNHU WKDQ WKH VXUURXQGLQJ
PDWHULDOEHFDXVHRIWKHFKHPLFDODWWDFNRIWKHHWFKDQWZKLFKPDLQO\DWWDFNHGWKHșSKDVH$O&X,Q)LJEDWKLQ
OD\HURIȘȗDQGȖ3KDVHZLWKDWKLFNQHVVDERXWPWKLFNUHGOLQHVZDVIRXQG7KLVLQWHUIDFHKDVDOVREHHQ
LQYHVWLJDWHGE\&KHQHWDO


)LJD/DVHUEUD]HZHOGHG$O&XMRLQWZLWKVSXOVWLPHEWKLQ,0&RIцPWKLFNQHVVZLWKFULWLFDOɽ3KDVH$O&XDQGɶ3KDVH
$O&X
7KHKDUGQHVVZDVPHDVXUHGLQWKHSDUWLDOO\UHVSHFWLYHO\IXOO\GHYHORSHGȗ3KDVH$O&XDQGȘ3KDVH$O&X
EHFDXVHRIWKHLULQFUHDVHGKDUGQHVVFRPSDUHGWRWKHGXFWLOHEDVHPHWDOVVHHWDEOH7KHVHLQWHUPHWDOOLFSKDVHVZHUH
IRXQGWREHPRVWFULWLFDOIRUMRLQWTXDOLW\GXHWRWKHSURSDJDWLRQRIFUDFNVWKURXJKWKHVHSKDVHVLQWKHFURVVVHFWLRQV
ZKLFK ZDV DOVR IRXQG E\ &KHQ HW DO  7KH SKDVHV ZHUH LGHQWLILHG RQ WKH FURVVVHFWLRQ E\ WKHLU GDUN
JUH\EURZQFRORU7KHKDUGQHVVWHVWVZHUHSHUIRUPHGEDVHGRQWKH9LFNHUVPHWKRGZLWKDORDGRIJI',1
7KHLQGHQWDWLRQVZLWKKLJKHVWKDUGQHVVIRUHDFKSDUDPHWHUVHWZHUHHYDOXDWHG
2.4. Electric tests 
7KH,0&KDYHDQLQFUHDVHGVSHFLILFHOHFWULFUHVLVWDQFHȡZKLFKLVDERXWWRWLPHVKLJKHUFRPSDUHGWRFRSSHU
RUDOXPLQXPVHH WDEOH,WZDVVKRZQWKDWDQ LQFUHDVLQJ LQWHUIDFHUHVLVWDQFH LV LQFRUUHODWLRQZLWKDGHFUHDVLQJ
VKHDUVWUHQJWK6ROFKHQEDFKHWDO7KHUHVLVWDQFHZDVPHDVXUHGXVLQJWKHIRXUZLUHPHWKRGVHH)LJD7KH
PHWKRGUHTXLUHVWZRZLUHVIRULQGXFLQJDKLJKFXUUHQWDQGWZRVHSDUDWHZLUHVIRUPHDVXULQJDYROWDJHGURSRQWKH
VDPSOH6LQFHWKHPHDVXULQJZLUHVGRQRWFRQGXFWWKHKLJKFXUUHQWWKHUHVLVWDQFHRIWKHVHZLUHVDUHQHJOLJLEOHDQG
ORZ UHVLVWDQFHV XS WRȍ FDQ EHPHDVXUHG$FFRUGLQJ WR SUHYLRXV VWXGLHV D FRPSDUDEOHPHWKRG FDQ EH XVHG WR
PHDVXUHWKHHOHFWULFDOFRQWDFWUHVLVWDQFHRIGLIIHUHQWZHOGLQJWHFKQLTXHVZKHUHE\ODVHUZHOGVHDPVDFKLHYHPLQLPDO
UHVLVWDQFH%UDQGHWDO$FFRUGLQJWRWKHEUD]HZHOGLQJSULQFLSOHWKHDPRXQWRI,0&PXVWEHPLQLPL]HG
ZKHUHE\WKHVKDUHRIWKH,0&RQWKHWRWDOZHOGUHVLVWDQFHLVPLQLPL]HGWRR+HQFHDQHZPHDVXUHPHQWGHYLFHZDV
GHYHORSHGWRSURYLGHPRUHDFFXUDWHUHVLVWDQFHPHDVXUHPHQWV7KHHOHFWURGHVZHUHGLUHFWO\SODFHGRQWRSRIWKHZHOG
VHDPWRDYRLGFXUUHQWE\SDVVHVDQGWRNHHSWKHVHULDOUHVLVWDQFHRIWKHEDVHPDWHULDODVVPDOODVSRVVLEOHVHH)LJE
)XUWKHUPRUHWKHHOHFWULFPHDVXUHPHQWLVDIDVWQRQGHVWUXFWLYHPHWKRGWRDQDO\]HWKHMRLQWTXDOLW\
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
)LJDIRXUZLUHPHWKRGWRPHDVXUHVPDOOUHVLVWDQFHVE\+HDQH\EGLUHFWHOHFWULF,0&PHDVXUHPHQWPHWKRG
7KHHOHFWURGHVZHUHPDGHRI&X&U=UDPDWHULDODOVRXVHGIRUVSRWZHOGLQJHOHFWURGHV7KHLQIOXHQFHRIFRQWDFW
UHVLVWDQFHV ZDV DQDO\]HG E\ FRPSDULQJ PHDVXUHPHQWV ZLWK DQG ZLWKRXW WKHUPDO FRPSRXQGV ZLWK KLJK HOHFWULF
FRQGXFWLYLW\RQWKHHOHFWURGHV1RQRWDEOHDGYDQWDJHZDVIRXQGWKHUHIRUHWKHWHVWVZHUHSHUIRUPHGZLWKRXWFRQWDFW
FRPSRXQG$GLUHFWHOHFWULFFXUUHQWRI$ZDVDSSOLHGDQGWKHHOHFWURGHVZHUHSQHXPDWLFDOO\DFWXDWHGWRDVVXUHD
FRQVWDQWFODPSLQJIRUFH(DFKZHOGVHDPZDVHOHFWULFDOO\PHDVXUHGWLPHV
5HVXOWVDQGGLVFXVVLRQV
7KH KLJKHVWPHGLDQ SXOOLQJ IRUFH RI 1ZDV DFKLHYHGZLWK D SXOVH WLPH RI V VHH )LJ  7KHPHGLDQ
SXOOLQJ IRUFH LV DSSUR[ RI$O EDVHPDWHULDO VWUHQJWK 1 IRU SXOVH WLPH V EHIRUH GHFUHDVLQJ WR
DSSUR[IRUSXOVHWLPHVVZLWKDVXFFHVVLYHO\LQFUHDVLQJYDULDWLRQ7KLVSKHQRPHQRQFDQEHH[SODLQHG
E\WKHLQFUHDVLQJDPRXQWRI,0&FDXVLQJDEULWWOHZHOGVHDPZKLFKKDVDOVREHHQREVHUYHGGXULQJSXOOWHVW7KH
KLJKHVW PHGLDQ WRXJKQHVV RI  P- ZDV DFKLHYHG IRU  V SXOVH WLPH %RWK UHVXOWV VKRZ VWDEOH DQG EHVW
PHFKDQLFDOSHUIRUPDQFHIRUSXOVHWLPHVVWRVZKHUHWKHHQHUJ\LQSXWDQGWKXVWKH,0&ZLGWKLVPLQLPDO
DVVKRZQE\SUHYLRXVVWXGLHV%RUULVXWWKHNXOHWDO6ROFKHQEDFKHWDODQG0DLHWDO


)LJ(YDOXDWLRQRI$O&XMRLQWZLWKYDU\LQJHQHUJ\LQSXWE\PHDQVRIPD[SXOOLQJIRUFHDQGWRXJKQHVV
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7KHPD[LPXPSXOOLQJIRUFHDQGWRXJKQHVVDUHVWURQJO\FRUUHODWHGWKHKLJKHVWIRUFHEHLQJDFKLHYHGZLWKHTXDO
SDUDPHWHUVDVKLJKHVWWRXJKQHVV7KHWRXJKQHVVRIIHUVDVLJQLILFDQWDGYDQWDJHWRWKHIRUFHE\WDNLQJWKHHORQJDWLRQ
LQWRDFFRXQW WKXV WKHEULWWOHQHVVRI WKHZHOGVHDPLVPRUH OLNHO\ WREHGHWHFWHG7KHSXOOLQJIRUFHGURSSHGDERXW
  IURP V WR V ZKHUHDV WKH WRXJKQHVV GURSSHG IRU LGHQWLFDO SURFHVV SDUDPHWHUV DERXW  7KH
WRXJKQHVVWKHUHIRUHLVDPRUHSUHFLVHYDOXHIRUHYDOXDWLQJPHFKDQLFDOSHUIRUPDQFH)XUWKHUPRUHWKHUHVXOWVVKRZ
WKHSUHVHQFHRIDGLVWLQFWSURFHVVZLQGRZKHUHWRVSXOVHWLPH+HQFHWKHJRDORIPLQLPL]LQJ,0&FDQEH
UHILQHGWRDPRUHSUDFWLFDOWKUHVKROGXQGHUQHDWKDGXFWLOHEUHDNEHKDYLRULVDFKLHYHGHJDPLQLPDOWRXJKQHVVRI
P-LQWKHVHLQYHVWLJDWLRQV
3.1. Hardness test 
$FFRUGLQJ WR WDEOH  WKHKDUGHVW SKDVHV DUH WKH ɺ3KDVH $O&X DQGɻ3KDVH $O&XZLWK DERXW +9$
PD[LPXPKDUGQHVVRI+9ZDVPHDVXUHGIRUDSXOVHWLPHRIVVHH)LJ7KHEDVHPDWHULDOVKDGDKDUGQHVV
RI+9$ODQG+9&X7KHLQWHUPL[WXUHLQFUHDVHGVWURQJO\IRUPRUHWKDQV)RUVSXOVHWLPHWKH
ZHOGKDGDPHGLDQDYHUDJHRI+97KHKDUGQHVVLQFUHDVHGFRQVWDQWO\ZLWKKLJKHUHQHUJ\LQSXW

)LJ(YDOXDWLRQRI$O&XMRLQWZLWKYDU\LQJHQHUJ\LQSXWE\PHDQVRIKDUGQHVV+9
:KHQ PHDVXULQJ KDUGQHVV DERYH +9 WKH LQGHQWDWLRQ FDXVHG ILVVXUHV DQG FUDFNV VHH )LJ  7KH FUDFNV
PDLQO\SURSDJDWHGWKURXJKWKHɺ3KDVHDQGɻ3KDVHDVGLVFXVVHGLQVHFWLRQ

)LJD+DUGQHVVWHVWRQ$O&XZHOGVZLWKVSXOVHWLPHWKHPDLQFUDFNVZHUHIRXQGLQWKHȗ3KDVH$O&XDQGȘ3KDVH$O&X
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%\FRPSDULQJWKHPHFKDQLFDOUHVXOWVDQGWKHKDUGQHVVLWZDVIRXQGWKDWDKDUGQHVVDERYHWKHWKUHVKROGYDOXHRI
+9KDVDQHJDWLYHLQIOXHQFHRQWKHZHOGSHUIRUPDQFH)XUWKHUPRUHKDUGQHVVYDOXHVRI+9V
DUHLQWHUSUHWHGDVDLQGLFDWLRQRIDZHOOGHYHORSHGLQWHUIDFHZLWKJRRGPHFKDQLFDOSHUIRUPDQFH
7KH LQGHQWDWLRQ VL]H LVGLUHFWO\ OLQNHG WR WKHDSSOLHG IRUFHDQGKDVDQDYHUDJLQJFKDUDFWHU$KLJKHU WHVW IRUFH
UHVXOWVLQDELJJHULQGHQWDWLRQVL]HWKXVUHGXFHVWKHLQIOXHQFHRIVPDOO,0&WRWKHPHDVXUHGKDUGQHVV$KDUGQHVVRI
+9 LV HTXLYDOHQW WR P GLDJRQDO RI WKH9LFNHUV GLDPRQG S\UDPLG IRU D ORDG RI  JI FDOFXODWHG E\
HTXDWLRQ',17KHPD[LPDOH[SHFWHGKDUGQHVVRIDSSUR[+9KHQFHLVHTXLYDOHQWZLWKDQSXUH
,0&ZLGWKRIDW OHDVWP8VXDOO\DQ,0&WKLFNQHVVRIPFDQDOOUHDG\EHVHHQDVFULWLFDOIRUZHOGVHDP
EULWWOHQHVV%UDXQRYLF +HUHDKDUGQHVVDERYH+9VZDVIRXQGWREHFULWLFDOIRUZHOGVHDP
EULWWOHQHVV

VLQ
d
FHV q   
)RUPLFURKDUGQHVVOHVVWKDQ+9WHVWVWKHKDUGSKDVHVDUHPRUHOLNHO\WREHGHWHFWHGVLQFHWKHLQGHQWDWLRQ
VL]HLVUHGXFHG7KHUHIRUHDKLJKHUDYHUDJHGKDUGQHVVLVDFFHSWDEOH0DFURKDUGQHVVWHVWVPRUHWKDQ+9DUH
IRUPLQJDPHDQYDOXHRIWKHODUJHUDUHDWKXVUHVXOWLQORZHUPD[LPDODFFHSWDEOHKDUGQHVVYDOXHV
3.2. Electrical test 
)RUDSXOVH WLPHRIV DPLQLPDOPHGLDQ UHVLVWDQFHRIɏZDVPHDVXUHG VHH ILJ7KHXQZHOGHG$O
VKHHWRQD&XVKHHWVKRZQLQWKHGLDJUDPZLWKSXOVHWLPHVKDGDKLJKHUPHGLDQUHVLVWDQFHRIPɏ7KH
UHVLVWDQFHVIRUVSXOVHWLPHZHUHWLPHVKLJKHUFRPSDUHGWRVSXOVHWLPHZLWKVLJQLILFDQWKLJKHU
UHVLVWDQFHVRXWOLHUV7KHVHZHOGVHDPVZHUHIRXQGWREHEULWWOHVHHPHFKDQLFDOWHVWWKHUHIRUHFUDFNVDQGSRUHV
ZHUHUHVSRQVLEOHIRUWKHRXWOLHUV

)LJ(YDOXDWLRQRI$O&XMRLQWZLWKYDU\LQJHQHUJ\LQSXWE\PHDQVRIHOHFWULFDOUHVLVWDQFHVSXOVHWLPHLVIRUXQZHOGHGPDWHULDOV
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7KHZHOGUHVLVWDQFHLQFUHDVHGZLWKWKHSUHVHQFHRIPRUH,0&LQWKHZHOGVHDP)URPWRVSXOVHWLPHWKLV
EHKDYLRU FDQ FOHDUO\ EH GHWHFWHG EXW IURP  WR V SXOVH WLPH WKH PHGLDQ UHVLVWDQFH GHFUHDVHV OLJKWO\ $Q
LQGLUHFWPHDVXUHPHQWRIWKH,0&WKLFNQHVVEDVHGRQUHVLVWLYLW\PHDVXUHPHQWLVWKHUHIRUHGLIILFXOW WKHYDULDQFHRI
WKH PHDVXUHPHQW GHYLFH LV WRR KLJK 7KH LQWHUPHWDOOLF LQWHUIDFH KDV QR FRQVLVWHQW OD\HU WKLFNQHVV LH WKH
LQWHUPL[WXUHLVWRRDJLWDWHGIRUSXOVHWLPHDERYHV7KHUHVLVWDQFHIRUWKHXQZHOGHGEDVHPDWHULDOSXOVHWLPH
V ZDV  WLPHV KLJKHU WKDQ WKH UHVLVWDQFH IRU D  V SXOVH ZHOG  ȍ ZKLFK HYLGHQFHV DQ LQFUHDVHG
WUDQVLWLRQUHVLVWDQFHEHWZHHQ$ODQG&XFRPSDUHGWRZHOGHGMRLQWV$UHVLVWDQFHRIPRUHWKDQȍSUHVHQWVD
WKUHVKROGIRUDMRLQWZLWKSRRUPHFKDQLFDOSURSHUWLHVFDXVHGE\HLWKHUFUDFNVSRUHVRULQVXIILFLHQWFRQQHFWLRQ
&RQFOXVLRQ
7KHHYDOXDWLRQRI$O&XZHOGVEDVHGRQPHFKDQLFDO KDUGQHVV DQG HOHFWULF WHVWVZHUHGHVFULEHG WKH\ LQGLFDWH
GHWDLOHGLQIRUPDWLRQDERXWWKHSHUIRUPDQFHRIWKHMRLQW7KHUHVXOWVIURPWKHGLIIHUHQWWHVWVDUHVWURQJO\OLQNHGDQG
ZHUHLQWHUSUHWHGWRPDNHFRQFOXVLRQDERXWWKHKHDWLQSXWDQGKRZODVHUSDUDPHWHUVKDYHWREHDGDSWHG

x ,QRUGHUWRLQFUHDVHWKHMRLQWPHFKDQLFDOSHUIRUPDQFHWKHPDWHULDOLQWHUPL[WXUHPXVWEHPLQLPL]HG+HUHD
GHGLFDWHGSURFHVVZLQGRZSXOVHWLPHRIWRVZDVIRXQGZKLFKJLYHVDJRRGSURFHVVUREXVWQHVV
x 7KHWRXJKQHVVLVDEHWWHUFULWHULRQIRUZHOGVHDPHYDOXDWLRQWKDQWKHSXOOLQJIRUFHVLQFHLWWDNHVWKHHORQJDWLRQ
DQGWKHUHIRUHWKHGXFWLOLW\EULWWOHQHVVRIWKHFRQQHFWLRQLQWRDFFRXQW
x %\LQFUHDVLQJWKH,0&OD\HUWKLFNQHVVSXOVHWLPHPRUHWKDQVWKHZHOGEHFRPHVPRUHEULWWOHDQGWKHMRLQW
SHUIRUPDQFHEHFRPHVPRUHXQVWDEOHVKRZQE\WKHHOHFWULFUHVLVWDQFHDQGSXOOLQJIRUFHV
x 7KUHHTXDOLW\FULWHULDIRUDVWURQJFRQQHFWLRQZHUHLGHQWLILHGDQGXVHGDVDWKUHVKROGWRFODVVLI\WKHZHOGTXDOLW\
LQVDWLVI\LQJRUQRW7KH\ZHUHDPLQLPDOWRXJKQHVVRIP-DPD[LPXPKDUGQHVVRI+9LQWKHIXVLRQ
]RQHDQGPD[LPXPUHVLVWDQFHRIɏ
$FNQRZOHGJHPHQWV
7KLV ZRUN LV VXSSRUWHG E\ WKH )RQGV 1DWLRQDO GH OD 5HFKHUFKH )15 LQ /X[HPERXUJ XQGHU JUDQW QR $)5

5HIHUHQFHV
$EEDVL0$.7DKHULDQG06DOHKL*URZWKUDWHRILQWHUPHWDOOLFFRPSRXQGVLQ$O&XELPHWDOSURGXFHGE\FROGUROOZHOGLQJ-RXUQDO
RI$OOR\VDQGFRPSRXQGV
%HUJPDQQ-3)3HW]ROGW56FKUHUDQG66FKQHLGHU6ROLGVWDWHZHOGLQJRIDOXPLQXPWRFRSSHUFDVHVWXGLHV:HOGZRUOG
%RUULVXWWKHNXO5DWWDQD7DLVHL<DFL<XNLR0L\DVKLWDDQG<RVKLKDUX0XWRK6XUSUHVVLRQRILQWHUPHWDOOLFUHDFWLRQOD\HUIRUPDWLRQE\
FRQWUROOLQJKHDWIORZLQGLVVLPLODUMRLQLQJRIVWHHODQGDOXPLQXPDOOR\0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$
%UDQG0-3$6FKPLGW0)=DHKDQG$-RVVHQ:HOGLQJWHFKQLTXHVIRUEDWWHU\FHOOVDQGUHVXOWLQJHOHFWULFDOFRQWDFWUHVLVWDQFHV-RXUQDO
RI(QHUJ\6WRUDJH
%UDXQRYLF0,QWHUPHWDOOLF&RPSRXQGVDW$OXPLQXPWR&RSSHU(OHFWULFDO,QWHUIDFHV(IIHFWRI7HPSHUDWXUHDQG(OHFWULF&XUUHQW,(((
7UDQVDFWLRQVRSFRPSRQHQWVSDFNDJLQJDQGPDQXFDIWXULQJWHFKQRORJLH3DUW$
%UDXQRYLF05HOLDELOLW\RISRZHUFRQQHFWLRQV-RXUQDORI=KHMLDQJ8QLYHUVLW\
&KHQ&DQG+ZDQJ:(IIHFWRI$QQHDOLQJRQWKH,QWHUIDFLDO6WUXFWXUHRI$OXPLQXP&RSSHU-RLQWV0DWHULDO7UDQVDFWLRQV

&KHQ&+&KHQDQG:+ZDQJ,QIOXHQFHRI,QWHUIDFLDO6WUXFWXUH'HYHORSPHQWRQWKH)UDFWXUH0HFKDQLVPDQG%RQG6WUHQJWKRI
$OXPLQXPFRSSHU%LPHWDO3ODWH0DWHULDOV7UDQVDFWLRQV
',1(1,62µ0HWDOOLVFKH:HUNVWRIIH+lUWHSUIXQJQDFK9LFNHUV7HLO3UIYHUIDKUHQ,62%HUOLQ
%HXWK9HUODJ
',19=(5672(5(1'(358()81*9216&+:(,661$(+7(1$10(7$//,6&+(1:(5.672))(1$(7=81*(1
)8(5',(0$.526.23,6&+(81'0,.526.23,6&+(817(568&+81*%HXWKYHUODJ
'RZGHQ-7KH7KHRU\RI/DVHU0DWHULDOV3URFHVVLQJ%HUOLQ6SULQJHU6FLHQFHDQG%XVLQHVV
+HDQH\0LFKDHO%(OHFWULFDOFRQGXFWLYLW\DQGUHVLVWLYLW\,Q7KHPHDVXUHPHQWLQVWUXPHQWDWLRQDQGVHQVRUVKDQGERRN&5&
3UHVV//&
+JHO+DQG7*UDI/DVHULQGHU)HUWLJXQJ:LHVEDGHQ9LHZHJ7HXEQHU
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0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$
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
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